Abstract: Fifteen specimens of Loligo gahi caught within the Falkland Islands Interim Conservation and Management Zone during March 1988 were subject to genetic analysis using horizontal starch gel electrophoresis, Comparison of allele frequencies at 22 cleariy resolving putative enzyme loci showed these animals to exhibit a degree of genetic differentiation from samples of Loligo forbesi and Loligo vulgaris vulgaris (I = 0.19 and 0.22 respectively) greater than that normally expected between congeneric species. The degree of difference was of the order typically exhibited betweenmembers of different but confamilial genera, for example as here between LoZigo forbesi andAlZoteuthissubulata (I= 0.22). It is therefore concluded that Loligogahishould no longer be regarded as a member of the genus Loligo. Genetic analysis of further species is necessary to clarify whether or not LoZigo gahi should, as has been suggested on morphological grounds, be united in a separate genus with other American myopsid species also currently ascribed to the genus Loligo.
Introduction
Loligogahid'Orbigny, 1835isanecologicallyandcommercially important squid species in the Southern Ocean, and supports a major seasonal fishery in the shallowwaters around theFalkland Islands (Csirke 1987 , Patterson 1987 , Rodhouse 1988 . Several aspectsofthebiology ofthespecieshave beenstudiedincluding: life history (Patterson 1988) ; genetic variability (Carvalho & h n e y 1989); population structure (Carvalho & Pitcher 1989) ; demography and distribution (Hatfield et al. 1990) ; feeding (Guerra et al. 1991) and growth (Hatfield 1991) .
Despite the body of knowledge which has accumulated in recent years regarding the species as fished around the Falkland Islands, the taxonomic status ofLoligogahiremains ques tionable.
At the specific level, whether the species inhabiting Falkland waters is Loligo gahi or Loligo patagonica Smith, 1881 is a contentious issue. Castellanos & Cazzaniga (1977) considered Loligopatagonica andLoligo ellipsura Hoyle, 1885 to bejunior synonyms of Loligo gahi. In a redescription of Loligo gahi, Brakoniecki (1984 ) agreedin partwithCastellanos & Cazzaniga (1977 , also considering Loligo patagonica to be a junior synonym ofloligogahi, but concluded thatLoZigo ellipsura was a nornen dubium which he recommended be dropped from consideration. In Brakoniecki's (1984) opinion Loligo gahi is distributed in both Pacific and Atlantic coastal waters of south America, from southern Peru to northern Argentina. Nesis (1987) , on the other hand, considers Loligo gahi and Loligo patagonica to be two separate species which can be distinguished on both morphological and distributional grounds. Loligogahi, according to Nesis (1987) , is distributed along the coasts of Chile and Peru, and mature males of the species exhibit longitudinal cutaneous ridges on theventral side of the mantle. In his opinion (Nesis 1987) it is Loligopatagonica, not Loligo gahi, which is present around the Falkland Islands. That such a basicproblemispresentwithin an animal subject to highlevels of commercial exploitation is cause for concern, and highlights the critical need for systematic revision within the Family Loliginidae (Roper 1983) . Further controversy surrounds the generic status of this species. In ageneric revision of the Family Loliginidae, based on comparative hectocotylus morphology, Brakoniecki (1986 ) redefined thegenusDoryteuthisNaef, 1912 to include all Americanspecies then ascribed to LoligoLamarck, 1798, and a single Indo-Pacific species Doryteuthis bleekeri Keferstein, 1866. This effectively eliminated the genus Loligo from American waters.
This study aims to address the latter of these issues by employing enzyme electrophoresis to compare the degree of genetic divergence between Loligo gahi and the two nominally congenericspecies Loligovulgaris vulgaris Larnarck, 1798 and Loligo forbesi Steenstrup, 1856, to that exhibited betwcen the genus Loligo and another confamilial genusAlloteuthis Wiilker, 1920 as represented by Alloteuthis subulata (Lamarck, 1798) . The systematic value of electrophoretic data is well known (Avise 1974 ,1983 , Richardson et al. 1986 
Materials and methods

Squid samples
Fifteen nominate Loligo gahi specimens caught within the Falkland Islands Interim Conservation and Management Zone were subject to genetic analysis using horizontal starch gel electrophoresis. Samples ofL. forbesi, L. vulgaris vulgaris and Alloteuthissubulata from around theBritish Isles were analysed concurrently. Samplesizes, and date and location of capture for all samples are given in Table 1 .
Morphological examination
All individual squid were subject to a basic examination during which external morphological features werenoted, and sex and state of maturity determined.
Electrophoresis
Horizontal starch gel electrophoresis was performed following standard procedures, which are described in detail elsewhere (Harris & Hopkinson 1977 , Carvalho & Loney 1989 , Brierley 1992 , Brierley et al. 1993a . Enzymes assayed and thoseclearly resolving in all four species are listed in Table 11 .
Data analysis
Gels were scored immediately after completion of staining, and resulting genotype data were analysed using the computer programme BIOSYS-1 (Release 1. 
Enzyme substrates: 'gly-leu; 2phe-pro.
the unweighted pair-group arithmetic mean (UPGMA) cluster analysis algorithm (see Sneath & Sokal 1973, p. 230) .
Results
Gels were stained for 30 enzyme systems, of which 20 resolved clearly for all four species, revealing the presence of 22 common putative enzyme loci(Table1I). Allele frequencies at the 2210ci clearly resolved for all four species are given in Table 111 . The proportion of polymorphic loci and mean heterozygosity per locus for each species are presented in Table IV . There were no significant deviations of observed genotype frequencies from those expected under conditions of HardyWeinberg equilibrium for any species at any enzyme locus.
Mean genetic identity (I) and distance (0) values (Nei 1972 ) between all species aregiven inTable V. Genetic identity is one of several published means by which genetic differentiation between groups can be expressed as a single figure. Iranges in value from 0 between genetically distinct samples with no common alleles, to 1 between samples which are identical. Fig.  1 
--- Levels of genetic variability detected within the four species examined here are much lower than those typically expected for invertebrate species in general (see Nevo et al. 1984) . As more squid species become subject to genetic analysis it is however becoming increasingly apparent that such low levels of genetic variability are likely to be a common feature of squid species as awhole(reviewedbyBrier1ey etal. 1993b). Possiblereasons for the existence of such low levels of geneticvariationwithinsquid species are discussed by Brierley (1992) .
Thegeneticidentity value I = 0.414 determined herebetween L. forbesi and L. vulgaris vulgaris is typical of that expected between congeneric species. It has been shown empirically over a wide variety of taxa (Thorpe 1982 ) that about 76% oflvalues between congeneric species exceed 0.4.
The I values exhibited here between L. gahi and L. forbesi (I = 0.189), andL. gahi andL. vulgaris vulgaris (I= 0.221) are however of the order generally exhibited between members of confamilial genera (Thorpe 1982) , as here between L. forbesi / L. vulgaris vulgaris and Alloteuthis subulata (0.222 and 0.230 respectively). These I values fall below 0.35, which has been described as the critical level for distinguishing between species and genera (Thorpe 1979 (Thorpe , 1983 . This study therefore lends support to the contention that the species around the Falkland Islands considered by some to beL. gahi should be taxonomically separated from the genus Loligo, as has been suggested (Brakoniecki 1986 ). Carvalho & Pitcher (1989 report that L. guhi maintains panmixia around the Falklands, and it would appear therefore that, in this region, the species is not plagued with problems of cry psis which cause confusion in squid sibling species complexes elsewhere (Carvalho et al. 1992 , Brierley et al. 1993b , Yeatman & Benzie 1993 . The results here based on 15 animalscan thereforebeconsideredasbeingrepresentative of the species around the Falklands as a whole.
Following a detailed taxonomic study based primarily on the comparativemorphology of thehectocotylus, Brakoniecki(l986) proposed a generic revision of the Family Loliginidae. He studied39 species ofmyopsid squid andwithin them distinguished six hectocotylus types, the species typifying which he clustered at thesub-genericlevelor higher. Under thisschemeBrakoniecki (1986) reassignedl. guhi, alongwith all OtherAmericanspecies previously ascribedloligo, to the genusDoryteuthis (hectocotylus type IV), distinct from the genus Loligo in which L. forbesi and L. vulgarisvulgaris (hectocotylus type I) remained. Brakoniecki (1986) suggested that Doiyteuthis (Loligo) gahi belongs to a distinct group of loliginids largely restricted in distribution to the coastal waters of the Americas. He went on to argue that it was likely that this group had become isolated from a parental group (now containing, for example, L. forbesi and L. vulgaris vulgaris) when the widening Atlantic Ocean became aneffective zoogeographicbarrier to these coastal squid. Otherbiochemical genetic evidence however suggests that it may be unreasonable to ascribe all American loliginid species to one single genus. In an investigation of the population structure ofL. vulgaris along the west African coast, Augustyn & Grant (1988) used the Californian market squid L. opalescens Berry, 1911 as an outgroup, and reported a level of divergence equivalent to a genetic identity of 0.504 between the two species. Such a high I value implies that these two species are correctly grouped within the same genus. The differential relationships of L. opalescens and L. gahi to L. vulgaris vulgaris implies that L. opulescens and L. guhi should be placed in separate genera. Brakoniecki's (1986) morphology is therefore apparently no panacea to the problems of loliginid systematics. Clearly further work is required to clarify the phylogeny of the loliginids. It would be of great interest to investigate the biochemical genetics of additional American myopsid species, for example L. p2ei (Blainville, 1823), and to assess the relationship of these to L. gahi and to European loliginid species. The absence of cutaneous ridges on males examined in this study doesnot initselfprovide proof that the speciesstudied here is L. patagonica as described by Nesis (1989, as opposed to L. gahi, since none of the males was fully mature, and ridges are apparently found only on mature males. The present confusion regarding the species is based in part on the fact that previous studies refer to males only (Brakoniecki 1986 , Nesis 1987 , highlighting the need for diagnostic characters suitable for application throughout thelifecycleand tobothsexes (see Roper &Voss 1983 ). Smithetal. (1981 highlighted asimilarproblem in the differentiation of Nototodarus gouldi and N. sloani in New Zealand waters, and commented on the value of enzyme electrophoresis which, despite morphological confusion, was able to distinguish species of any age or sex.
Enzyme electrophoresis is a powerful taxonomic tool which has begun to make inroads into problems of cephalopod systematics. The technique could usefully be applied elsewhere throughout the Family Loliginidae and within the Class Cephalopoda generally, providing data to enhance more traditional morphological and meristic approaches to taxonomy (for example Cohen 1976 , Natsukari 1984 , Brakoniecki 1986 , and leading toward revisions necessary for clarification of cephalopod phylogeny and classification (Voss 1977 , Roper 1983 .
